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This work was designed to find a way to
optimally (or near optimally) sample spa-
tiotemporal phenomena based on lim-
ited sensing capability, and to create a
model that can be run to estimate uncer-
tainties, as well as to estimate covariances.
The goal was to maximize (or minimize)
some function of the overall uncertainty.
The uncertainties and covariances were
modeled presuming a parametric distri-
bution, and then the model was used to
approximate the overall information
gain, and consequently, the objective
function from each potential sense. These
candidate sensings were then cross-
checked against operation costs and feasi-
bility. Consequently, an operations plan
was derived that combined both opera-
tional constraints/costs and sensing gain.
Probabilistic modeling was used to
perform an approximate inversion of
the model, which enabled calculation of
sensing gains, and subsequent combina-
tion with operational costs. This incor-
poration of operations models to assess
cost and feasibility for specific classes of
vehicles is unique.
This work was done by Steve A. Chien
and David R. Thompson of Caltech, and
Kian Hsiang Low of the National Univer-
sity of Singapore for NASA’s Jet Propulsion
Laboratory. Further information is con-
tained in a TSP (see page 1). NPO-48664
A robust numerical method of itera-
tively solving for the drag force and coef-
ficient of drag of an unknown object has
been developed and implemented in
Mathematica in a form readily convert-
ible to other codes. This algorithm is
based on an innovative combination of
the Verlet and Runge-Kutta integration
methods. The input data is object posi-
tion data as a function of time, which
might, for example, be based on a previ-
ous photogrammetry analysis. This new
method is not limited to object location
based on photogrammetry.
This work was done by Jason Long and
Philip Metzger of Kennedy Space Center, and
John Lane of ASRC Aerospace Corporation.
Further information is contained in a TSP
(see page 1). KSC-13251
When projecting imagery into a geo-
referenced coordinate frame, one needs
to have some model of the geographical
region that is being projected to. This
model can sometimes be a simple geo-
metrical curve, such as an ellipse or even
a plane. However, to obtain accurate
projections, one needs to have a more
sophisticated model that encodes the
undulations in the terrain including
things like mountains, valleys, and even
manmade structures. The product that
is often used for this purpose is a Digital
Elevation Model (DEM).
The technology presented here gen-
erates a high-quality DEM from a col-
lection of 2D images taken from multi-
ple viewpoints, plus pose data for each
of the images and a camera model for
the sensor. The technology assumes
that the images are all of the same re-
gion of the environment.
The pose data for each image is used
as an initial estimate of the geometric re-
lationship between the images, but the
pose data is often noisy and not of suffi-
cient quality to build a high-quality DEM.
Therefore, the source imagery is passed
through a feature-tracking algorithm
and multi-plane-homography algorithm,
which refine the geometric transforms
between images. The images and their
refined poses are then passed to a stereo
algorithm, which generates dense 3D
data for each image in the sequence. The
3D data from each image is then placed
into a consistent coordinate frame and
passed to a routine that divides the coor-
dinate frame into a number of cells. The
3D points that fall into each cell are col-
lected, and basic statistics are applied to
determine the elevation of that cell. The
result of this step is a DEM that is in an
arbitrary coordinate frame. This DEM is
then filtered and smoothed in order to
remove small artifacts.
The final step in the algorithm is to
take the initial DEM and rotate and
translate it to be in the world co ord inate
frame [such as UTM (Universal Trans-
verse Mercator), MGRS (Military Grid
Reference System), or geodetic] such
that it can be saved in a standard DEM
format and used for projection.
This work was done by Curtis W. Padgett,
Adnan I. Ansar, Shane Brennan, Yang
Cheng, Daniel S. Clouse, and Eduardo
Almeida of Caltech for NASA’s Jet Propul-
sion Laboratory. For more information, con-
tact iaoffice@jpl.nasa.gov. 
The software used in this innovation 
is available for commercial licensing. 
Please contact Dan Broderick at
Daniel.F.Broderick@jpl.nasa.gov.
NPO-47571.
Building a 2.5D Digital Elevation Model From 2D Imagery
High-quality DEMs are generated from a collection of 2D images.
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